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(54) Non-planar magnet tracking device for magnetron sputtering apparatus 


(57) The structure and method which improves the 
film thickness uniformity orthickness control when using 
magnetron sputtering by adjusting the distance between 
the magnetron (272) or a portion of the magnetron and 
the sputtering target to provide an improvement in the 
film thickness uniformity. Shimmed rails (382, 384) con- 


toured rails, contoured surfaces (415, 418), cam plates 
(422), and cam plate control followers (442) are utilized 
to achieve an improvement in film thickness uniformity 
or thickness control due to anomalies in magnetic field 
as a magnetron assembly (272) moves back and forth 
when sputtering substrates (utilized primarily for rectan- 
gularly shaped substrates). 
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Description 

This invention relates to the field of magnetrons and 
particular configurations for their use with sputtering 
chambers to control film thickness for sputter deposited s 
film. In particular this invention relates to controlling the 
deposited film thickness on substrates by varying the 
distance between a portion of the permanent magnets 
comprising the magnet array in the magnetron and the 
sputtering target as the magnetron moves laterally 10 
across the back of the sputtering target during sputter- 
ing. 

Sputtering describes a number of physical tech- 
niques commonly used in, for example, the semicon- 
ductor industry for the deposition of thin films of various is 
metals such as aluminum, aluminum alloys, refractory 
metal silicides, gold, copper, titanium, titanium-tung- 
sten, tungsten, molybdenum, tantalum and less com- 
monly silicon dioxide and silicon on an item (a sub- 
strate), for example a substrate or glass plate being so 
processed. In general, the techniques involve producing 
a gas plasma of ionized inert gas "particles" (atoms or 
molecules) by using an electrical field in an evacuated 
chamber. The ionized particles are then directed toward 
a "target" and collide with it. As a result of the collisions. 25 
free atoms or neutral or ionized groups of atoms of the 
target material are released from the surface of the tar- 
get, essentially liberating target material are released 
from the surface of the target, essentially liberating 
atomic-level particles from the target material. Many of 30 
the free particles which escape the target surface con- 
dense and form (deposit) a thin film on the surface of 
the object (e.g. wafer, substrate) being processed, 
which is located a relatively short distance from the tar- 
get. 35 

One common sputtering technique is magnetron 
sputtering. When processing substrates using magnet- 
ron sputtering, sputtering action is concentrated in the 
region of the magnetic field on the target surface so that 
sputtering occurs at a higher rate and at a tower process <o 
pressure than possible without the use of magnets. The 
target itself is electrically biased with respect to the sub- 
strate and chamber, and functions as a cathode. Objec- 
tives in engineering the cathode and its associated mag- 
netic field source include unilorm erosion of the target *s 
and unilorm deposition o1 pure target material on the 
substrate being processed. 

If, during sputtering, magnets generating a magnet- 
ic field are stationary at a location, then continuous sput- 
tering consumes a disproportionate fraction of the sput- so 
tering target thickness at that location quickly and gen- 
erates hot spots at the locations of sputtering. Therefore 
magnets are continuously moved across the back side 
of the target in a path designed to cause uniform utiliza- 
tion of the target's surface and sputter deposit a corre- 55 
spondingly uniform film thickness on the substrate being 
processed Sputtering a target creates a deposit bn pat- 
tern on the substrate which generally matches the utili- 


zation (erosion) pattern on the target surface. 

To avoid contamination of the processing chamber 
and substrate processed therein, sputtering is stopped 
before the non -uniform sputtering wear pattern has con- 
sumed the full thickness of the target material at any 
point. If any point on the plate behind the target were to 
be reached, sputtering of the target backing plate ma- 
terial (often copper) would occur, contaminating the vac- 
uum chamber and the substrate being processed with 
the target backing material. Because of the non-uniform 
pattern of target utilization, sputtering is usually stopped 
when a large percentage of the target remains. 

As the target erodes, the distance between the tar- 
get surface (which is eroding away) and the substrate 
being sputtered is slowly increasing. The change in the 
distance between the target surface and the substrate 
being sputtered creates a change in the qualities ol the 
sputtered material deposited and its uniformity. When 
materia) is deposited on large areas such as glass 
plates, variations in the thickness of deposited sputtered 
material are measurable and, may be unacceptable. 

In generating the gas plasma and creating ion 
streams impacting on the cathode, considerable energy 
is supplied. This energy must be dissipated to avoid 
melting or nearly melting the structures and components 
involved. A common technique used for cooling sputter- 
ing targets is to pass water or other cooling liquid 
through a fixed internal passage of the sputtering target. 
Another cooling technique which is commonly used is 
to expose a back side of a target to a cooling bath Cool- 
ing liquid circulating through the bath container assists 
in controlling the temperature of the back of the target 
assembly. A magnet assembly (magnetron) located on 
the back side of the target with a backside cooling bath 
moves within the liquid of the cooling bath. 

Figures 1, 2, and 3show a priorart sputtering cham- 
ber 50 in which a rectangular substrate 64 (shown in 
dashed lines in Fig. 1) is supported on a pedestal 52. A 
target assembly 58, consisting of a target backing plate 
56 and a target 54 having a front face facing the pedestal 
52, covers the upper flange of the processing chamber 
sealing it. On the side of the target assembly opposite 
from the pedestal 52 a magnetron chamber 60 encloses 
a magnetron assembly 62. The magnetron chamber 60 
can be made vacuum tight to reduce the differential 
pressure across the target assembly 58 (with cooling flu- 
id being routed through the target assembly), or it can 
be filled with cooling liquid to provide a cooling bath in 
contact with the back side of the target assembly 58. To 
enhance sputtering of a rectangular shaped substrate 
64 (generally matching the shape of the outside of the 
chamber 50) the magnetron assembly 62 is a linear bar 
with rounded ends. The magnetron assembly 62 moves 
in a horizontal, back and forth (reciprocal) pattern within 
the magnetron chamber 62 as shown in by the arrows 
68. The magnetron assembly passes through the mag- 
netron chamber 62 and tothe dashed outline of the mag- 
netron assembly 62a The outline of the area covered 
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by magnetron movement is shown by the dashed line 
66 

The magnetron assembly 62 as shown in Figure 3 
runs parallel to the target assembly 58 along one of a 
range of elevations between the low and high extremes 5 
(e.g., 96, 98), which are greatly exaggerated in this fig- 
ure. The particular elevation (e.g., 95, 98) is dependent 
on the desired distance 92 from the front face of the tar- 
get 54, which in turn determines the degree of sputtering 
enhancement desired for a particular process chamber 10 
pressure and sputtering process being used. 

A conceptualized illustration of the magnetic field 
present around the strong Neodymium Boron Iron mag- 
nets used in the magnetron assembly is shown in the 
cross section of Figure 4. The positive poles 72, 74, 76, is 
78 of the magnets shown, e.g., 70, are on the top (away 
from the sputtering target) in the outside loop 84 (Fig. 
1 ) of permanent magnets and on the bottom (close to 
the sputtering target) in the inside loop 82 (Fig. 1), al- 
though the potarilies may be reversed. A magnet back- 20 
ing plate 80 bridges the magnetic field on the top side 
of the magnetron thus preventing the magnetic field 
from extending up from the top side of magnetron as- 
sembly. In contrast, the magnetic field on the bottom 
side between adjacent magnets is conceptualized by 2s 
the loops 86 showing a diminishing magnetic field 
strength farther down from the magnetron assembly 62. 
The loops of the magnetic field lines 86, portray a com- 
paratively strong magnetic field in the loop 88 adjacent 
to the magnets, and drop off in the magnetic field 
strength rapidly as a function of the distance to a com- 
paratively weakened magnetic field strength at the loop 
90 farthest from the magnets. (The loops show an ap- 
proximation of the diminution of the magnet field 
strength with distance). Any vertical movement of the 
magnetron assembly 62 that increases the distance be- 
tween the front face of the target and the magnetron as- 
sembly 62 from the distance 92 (Fig. 3) to the distance 
94 (Fig. 5), reduces the magnetic field strength at the 
surface of the target facing the pedestal 52 by a factor 
of approximately 5, relative to the range of field strength 
loops shown in Figure 4. 

Figure 6 shows a target erosion profile for a target 
of 6061 Al in 2000 kilowatt hour power range. The con- 
tours shown by the plot show a generally uniform utili- 
zation ol the target with a slight increase in erosion near 
the ends of the profile (a dwell location). The pattern ob- 
servable Irom at the dwell local tons corresponds to the 
shape of the magnet field emanating from magnetron 
assembly. The target erosion profile as shown here is 
related to the rate of deposition and film thickness uni- 
formity or thickness control on a substrate being sput- 
tered located opposite such a target (areas showing 
greater erosion on the target result in areas having 
greater deposition on the substrate). In this particular 
instance, there are two areas of relatively high erosion, 
one at the upper right corner 242 and the other at lower 
left hand corner 244 of Figure 6, which produce corre- 


sponding deposition thickness anomalies on the sub- 
strate being sputtered 

The current specifications for target film thickness 
uniformity (even for large plates, such as the 50 by 60 
centimeter plate shown in Figure 6) is 5% or better. The 
anomalies of high erosion at the corners of the target as 
shown by the regions 242, 244 cause great concern in 
meeting the specification as they distort the film thick- 
ness uniformity so that a film thickness uniformity of only 
approximately 7% can be achieved. To improve uniform- 
ity the excessive erosion in the two regions 242, 244 
must be reduced or eliminated so that the specification 
for film thickness uniformity can be met. 

The observation of the high erosion tn the comers 
has initiated a great deal of scrutiny without an identifi- 
cation of its true source. The positioning of an array of 
permanent magnets in the magnetron assembly as- 
sures a uniform magnetic field throughout the magnet- 
ron assembly. The general uniformity of the magnet field 
emanating from (he magnetron is confirmed by the gen- 
erally uniform erosion profile across the center of face 
of the target. Speculation about the source of the reason 
for the anomaly in the comers included research to de- 
termine whether a source of electrical or magnetic field 
anomalies could be identified. None has been identified. 

Figure 7 is a plot representing the film thickness on 
the surface of a substrate, it confirms the uniformity of 
the film thickness on the surface of a rectangular sub- 
strate This plot shows an approximately mirror image 
correlation with the target erosion profile of Figure 6. 

In the field of thin film deposition, a size of sub- 
strates is becoming larger and larger since there is in- 
creasing need for larger size LCD screen. For example, 
current substrate size for production is up to 400 mm X 
500 mm, however, the size will be expanded up to 600 
mm X 700 mm or larger in the future. 

One of the most difficult tasks in thin film deposition 
is how to achieve uniform deposition over a substrate. 
This shortcoming becomes the dominant lactor prevent- 
ing the economical production of larger and larger LCD 
screens. 

The shortcomings in film thickness uniformity or 
thickness control of the existing sputtering target sys- 
tems as described above continue to inhibit the wide use 
of sputtering as an efficient and cost -effective means for 
applying surface coatings on large substrates. 

A structure and method according to the invention 
reduces the film thickness anomalies as discussed 
above. 

Where target erosion anomalies occur, a change in 
the strength ol the magnetic field exposed to the target 
at those locations has been found to improve the uni- 
formity or control the variation in thickness of the depos- 
ited film. One way to change the film thickness at any 
such location is to provide a localized change in the 
magnetic field strength while maintaining the uniformity 
of magnetic field strength over the rest of the target area. 

A magnet member (the magnetron assembly) is lQ- 
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cated in proximity to the sputtering target, and is provid- 
ed with a magnetic member cycling system (drh/e sys- 
tem), which causes the magnet member to move in a 
set or-recurring pattern. The recurring pattern is defined 
by a set of points defining a pattern reference surface. 
The pattern reference surface is defined by a set oi lat- 
eral coordinates and a set of vertical coordinates o1 the 
pattern. The lateral coordinates establish a grid defining 
the lateral locations at which the vertical coordinates de- 
fine a set of elevations of the pattern reference surface, 
either on the reference surface or on an offset reference 
surface (which is parallel to but offset from the reference 
surface). 

The pattern reference surface includes a divergent 
portion (a preset pattern of relative motion) having a 
subset of elevations which fall outside a range of toler- 
ance lor parallelism between the pattern surface and a 
relerence surface of the sputtering target. Movement of 
the magnetron in the divergent portion reduces or in- 
creases the magnetron field strength at the surface of 
the laiget. 

The reference surface of the sputtering target can 
be its front face. It could be a middle axis of the sputter- 
ing target or it could be a back face. It should be obvious 
to persons of ordinary skill in the art that the intensity of 
the magnetic field should be approximately equal over 
the surface of the sputtering target facing the sputtering 
chamber. Therefore, the definition of the reference sur- 
face of a sputtering target can be any surface real or 
imagined that can be defined generally by geometric or 
mathematical means as being parallel to the surface of 
a sputtering target, whether that surface be straight or 
curved. It is assumed that such a straight or curved sur- 
lace is a continuous one (without sudden steps) and is 
generally used as a reference for parallelism before 
sputtering occurs (an un-used p re-sputtering configura- 
tion), because after sputtering has begun the target ero- 
sion will deform the shape of the sputtering target and 
start to generate differences in the uniformity of film 
thickness due to small, but detectable, differences in the 
target erosion rate across its surface. 

Il may be desirable to have uniform film thickness 
over some portions of the substrate and have varying 
thicknesses in other regions. The structure and method 
according to the invention allows control of the film thick- 
ness deposited, by varying the strength of the magnetic 
Held. An approximately uniform film thickness can be 
achieved, but so can a prescribed pattern of film thick- 
ness which is not necessarily uniform, for example one 
which is thicker at the edges to provide an easier con- 
nection to external wiring. 

In one configuration, a change in the magnetic field 
strength can be accomplished when using a two bearing 
rail system merely by tilting opposite corners of oppos- 
ing rails in opposite directions (the magnetron acting as 
a bearing truck between the rails). For example, by pro- 
viding a high end and a tow end on one bearing rail while 
the opposite bearing rail has its low end opposite the 


high end of tho first bearing rail. Such a tilted configura- 
tion will cause a flight path or surface pattern (profile) 
for the magnetron assembly that includes regions of the 
surface pattern that fall outside a standard tolerance for 

s parallelism between the magnetron path pattern refer- 
ence surface and the reference surface of the target, tn 
one configuration the magnetron is tilted in one direction 
at one end of the back and forth travel, and is tilted in 
the opposite direction at the opposite end of the back 

io and forth travel. A change in rail elevation as small as 
0.020* - 0.030" (500-750u\m) in central regions of the 
travel has a noticeable effect because of the strength of 
the magnetic field decreases greatly over a small dis- 
tance. The effect of a change in the elevation of a linear 

is rail of 0.030" end to end of a 2-foot travel path provides 
an improvement in the variation in film thickness uni- 
formity from approximately 8% to approximately 3-4% 
(providing a improvement which meets the 5% specifi- 
cation). 

20 in another configuration, according to the invention, 
it is possible that when utilizing two bearing rails that 
they be curved or otherwise patterned to move the mag- 
net member (magnetron assembly or one end of the as- 
sembly) close to and away from the target surface in a 

2S particularly described pattern to increase and decrease 
the magnetic field strength to promote an improvement 
in the control or uniformity of the deposited film thick- 
ness. 

Utilizing a magnet member moving in the trans- 

30 verse (lateral) direction, it is possible to provide several 
tracks (more than two) to help guide the magnet mem- 
ber. The magnet member (magnetron) can be divided 
into two or more sub-sections to assist in maintaining a 
uniform target profile. For example, it is possible to pro- 

35 vide three generally parallel bearing rails (a set of tracks) 
which support two magnet member sub-sections be- 
tween them. The outside bearing rails can be relatively 
flat, while the inside bearing rail could dip down or rise 
up to change the magnetic field intensity. Similarly, the 

40 magnet member could be constructed of a series of 
magnet member sub-sections (connected in a housing 
or separate from one another) with each magnet sub- 
section following the contour of its own rail or path as it 
moves from one end to the other end of the processing 

45 chamber. 

In another configuration, a cam plate surface which 
includes a series of slots and surface followers which 
are connected to the subsections of the magnet mem- 
ber. Movement of the magnet member from one end to 

so the other causes the elevation of each separate sub- 
section of the magnet member to follow the pattern of 
the cam surface. Varying the elevation of various mag- 
net subsections by the use of a mechanical cam surface 
- follower system can also be reproduced by utilizing 

55 vertical activation devices such as motors and vertical 
drives which cause each magnet member subsection to 
move vertically according to a pre-programmed contour 
depending on its lateral location Such movement could 
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potentially change the sputtering intensity at the osten- 
sible location of sputtering anomalies, which create an 
uneven erosion profile, to eliminate such anomalies and 
improve the film thickness uniformity. 

It is known that the distance between the face of the 
sputtering target and the substrate being sputter depos- 
ited is one factor in determining the film thickness de- 
posited on the substrate However when sputtering 
targe substrates, because the center of the target is far- 
ther away from the source of sputtering power, and there 
tends to be a drop in the sputtering intensity at the center 
of a large target. Therefore, to compensate for this drop, 
the magnet field at this location (region) could be grad- 
ually increased by moving the magnetron closer to the 
sputtering target at the center to improve the film thick- 
ness uniformity. 

Another configuration for improving film thickness 
uniformity is to tilt (roll or pitch) only the end of the mag- 
netron near the end of its travel. The bearing rails sup- 
porting the magnetron are kept straight and level and 
the end of the magnetron is tilted by utilizing a localized 
ramp (cam) and roller (cam follower). Either the ramp or 
the roller is located on the end of the magnetron and the 
ramp or follower is located on a stationary support fixed 
to the processing chamber. The lateral motion of the 
magnetron at a particular location causes the cam to en- 
gage the cam follower causing a tilting force to be gen- 
erated. The tilting force pushes the end of the magnet- 
ron in a vertical direction to cause the magnet member 
reference surface to describe the divergent portion. The 
tilt can be a roll motion or a pitch motion as the terms 
roll and pitch are understood when referring to an air- 
craft's attitude - the magnet member (magnetron) relat- 
ing to a fixed wing on an aircraft. 

Electromagnets can be used in the magnetron and 
the magnetic field of the electromagnets can be varied 
to cause changes in the strength of the magnetic field 
to affect and control the film thickness desired. 

A method according to the invention includes the 
steps of moving a magnet member laterally in the prox- 
imity of a sputtering target and moving portions of said 
magnet vertically a distance greater than a tolerance 
for parallelism between a reference plane and the plane 
of motion at selected locations to vary the magnetic field 
strength causing a divergence from the plane to improve 
the film thickness control. Another method according to 
the invention includes the steps of moving a magnet 
member laterally along a track and moving portions of 
the magnet member in a vertical direction simultaneous- 
ly with the lateral motion of the magnet member to 
change the magnetic field intensity utilized for sputtering 
at one or more locations along the track to improve film 
thickness uniformity for sputtering. 

These structures and methods provide a degree of 
improvement in the control of film thickness not known 
or utilized in the prior art. 

The following is a description of some specific em- 
bodiments of the invention, reference being made to the 


accompanying drawings, in which: 

Figure 1 is a schematic top view of a prior art mag- 
netron enclosure: 
s Figure 2 is a cross sectional end view of the sput- 
tering chamber separated from the prior art magn- 
etron chamber of Figure I by the target assembly, 
Figure 3 is a side cross sectional view of the appa- 
ratus of Figure 2 showing the conceptualized mag- 
to netic field of the magnetron extending far beyond 
the sputtering target; 

Figure 4 is a cross sectional view of the magnetron 
including permanent magnets and a conceptualiza- 
tion of the magnetic field emanating downwardly 

ts therefrom; 

Figure 5 is a second side cross sectional view of the 
apparatus of Figure 2 showing the magnetron 
raised up to a higher elevation with the conceptual- 
ized magnetic field from the magnetron just barely 

20 extending beyond the sputtering target; 

Figure 6 is a prior art target erosion profile showing 
the pattern of erosion (utilization) of the sputtering 
target during sputtering; 

Figure 7 shows the film thickness profile on a sub- 
25 strate as determined from a sheet resistance anal- 
ysis using a five point probe (which is inversely pro- 
portional to film thickness) for a sputtering target uti- 
lizing the prior art magnetron chamber; 
Figure 8 is a plot of the film thickness contours of a 
30 sputtering target assembly from a sheet resistance 
analysis using a five point probe (which is inversely 
proportional to film thickness) when using a struc- 
ture and method according to the invention; 
Figure 9 is a schematic perspective view of a mag- 
35 netron chamber utilizing a center bearing rail to sup- 
port the magnetron; 

Figure 1 0 is a schematic representation showing an 
exaggerated dimension of the center magnetron 
support beam of Figure 9 and its rotation as it travels 

40 along the center beam support; 

Figure 11 is a cross sectional view of a magnetron 
support beam taken at 11-11 of Figure 14; 
Figure 12 is a cross sectional view of a magnetron 
support beam taken at 12-12 of Figure 14; 

45 Figure 1 3 is a cross sectional view of the magnetron 
support beam taken at 13-13 of Figure 14; 
Figure 1 4 is a top view of a magnetron chamber ac- 
cording to the invention with a center magnetron 
support beam; 

so Figure 1 5 is a perspective view of a bearing channel 
beam with bearing tracks (rails) supported on the 
central beam as shown tor example tn Figure 9; 
Figure 16 is a modified bearing support rail showing 
the channel being split and being raised one side of 

55 each endof thechannel to provide the vertical travel 
of portions of the magnetron; 
Figure 17 shows a top plan view of the end of the 
magnetron as shown in Figure 18 as it about to en- 
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gage the ramp (cam) to be lilted; 
Figure 17A shows a top plan view of the end ol the 
magnetron as shown in Figure 18A as it about to 
engage the ramp (cam) to be lilted; 
Figure 1 8 is a partial cross sectional view of a mag- s 
netron chamber taken at 18-18 o1 Figures 20 and 
24, showing the ramp which raises the end of the 
magnetron at opposite ends of the chamber; 
Figure 18A is a partial cross sectional view of a 
magnetron chamber taken at 18A-1BA of Figures io 
20A, showing the ramp which tips the edge of the 
magnetron at opposite ends of the chamber; 
Figure 19 shows a cross sectional side view show- 
ing the position of the ramp in relation to the mag- 
netron: ' 5 
Figure 20 shows the top plan view of the magnetron 
chamber having a magnetron whose ends are sub- 
ject to being raised by ramps at opposite comers; 
Figure 20A shows the top plan view of the magne- 
tron chamber having a magnetron whose ends are 20 
subject to being raised by ramps at its corners. 
Figure 21 shows a schematic cross section of a de- 
formable horizontal magnetron whose end is bent 
up in a curved shape, taken at 21 -21 in Figure 24; 
Figure 21 A shows a schematic cross section of a 25 
rigid horizontal magnetron whose end is raised up, 
taken at 21 -21 in Figure 24; 
Figure 22 is a schematic cross sectional view of the 
deformable horizontal magnetron, taken at 22-22 in 
Figure 24; 30 
Figure 22A is a schematic cross sectional view of 
the rigid horizontal magnetron, taken at 22-22 in 
Figure 24; 

Figure 23 is a cross sectional view of the deforma- 
ble horizontal magnet ron whose end is bent up, tak- 35 
en at 23-23 in Figure 24; 

Figure 23A is a cross sectional view of the rigid hor- 
izontal magnetron whose end is bent up, taken at 
23-23 in Figure 24; 

Figure 24 is a schematic top view of a magnetron *o 
chamber where the magnetron is supported near its 
center, including ramps at opposite corners to influ- 
ence the vertical position of the end of the magne- 
tron when the magnetron is moved near either end 
of its travel; 45 
Figure 25 is a bottom plan view of a magnetron 
chamber utilizing a central beam support for the 
magnetron track; 

Figure 26 is a cross sectional view of the magnetron 
chamber of Figure 25; so 
Figure 27 is a schematic perspective view of a mag- 
netron chamber enclosing a traveling magnetron 
supported by two horizontal beams near its ends; 
Figure 28 is a schematic representation of the ele- 
vation change (rotation) of the magnetron as it trav- ss 
els one end to the other along inclined tracks as 
shown in Figure 27; 

Figure 29 is a schematic cross sectional view of a 


magnetron supported from two generally parallel 
rails (tracks) according to the invention; 
Figure 30 is a cross sectional view showing the 
magnetron support rails and magnetron attitude, 
taken at 30-30 in Figure 33; 
Figure 31 is a cross sectional view showing the 
magnetron support rails and magnetron attitude, 
taken at 31-31 in Figure 33; 
Figure 32 is a cross sectional view showing the 
magnetron support rails and magnetron attitude, 
taken at 32-32 in Figure 33; 
Figure 33 is a schematic top view of a magnetron 
chamber where the magnetron is supported near its 
ends by two horizontal support rails; 
Figure 34 is a bottom plan view of a magnetron sup- 
ported along two generally parallel beams at the 
edges ol the magnetron chamber; 
Figure 35 is a cross sectional end view of Figure 34; 
Figure 36 shows a cross sectional view of a hinged 
magnetron in a magnetron chamber, for example 
as shown in Figure 37; 

Figure 37 shows a schematic perspective view of a 
hinged magnetron with a bowed down center track 
according to the invention; 
Figure 38 shows a moving magnetron assembly 
(device) having permanent magnet sub-sections 
whose vertical travel is influenced by a contour plate 
which changes the vertical spacing between each 
magnet sub-section and thetarget during sputtering 
as the magnetron moves laterally; 
Figure 38A shows a moving magnetron assembly 
(device) having a deformable magnetron connected 
through several cam follower linkages to a contour 
plate, the vertical travel of portions of the magnetron 
connected to the cam follower linkages is influ- 
enced by a contour plate which changes the vertical 
distance between each portion of the magnetron 
and the target during sputtering as the magnetron 
moves laterally; 

Figure 39 provides an alternate conceptualized 
magnetron reference surface pattern for a contour 
plate showing high points at the right and left cor- 
ners and low points a1 the front and back corners of 
the conceptualized plate shown; 
Figure 40 shows a conceptualized magnet refer- 
ence surface pattern having a lateral central axis in 
a parabolic or circular concave down type shape 
with all paths perpendicular to the lateral axis being 
equal lengths; 

Figure 41 shows a conceptualized magnet bowl- 
shaped type parabola pattern plate for use as a 
magnet section guide, the shape being similar to the 
shape pictured in Figure 38; 
Figure 42 shows a conceptualized reference sur- 
lace pattern convex su rf ace to use as a magnet pat- 
tern contour plate; 

Figure 43 shows a flat magnet contour plate assem- 
bly utilizing activators for raising and towering the 
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magnet sections individually using electrical or oth- 
er activators according to a pre-programmed pat- 
tern; 

Figure 44 shows an magnetron whose magnets are 
electro-magnets, the strength of the magnetic field 
is controlled by varying the electrical energy sup- 
plied to each electro-magnet segment in the mag- 
netron as the magnetron moves laterally during 
sputtering; and 

Figure 45 shows a cross section of an electro-mag- 
netic magnetron according to the invention as used 
in the configuration of Figure 44. 

An understanding of the improvement the invention 
provides results from comparison of the film uniformity 
plots of Figures 7 and 8. In the plot 250 of Figure 7 the 
plots of the contour shows several heavy black contour 
lines showing the film thickness variation across areas 
of the substrate as the thickness is plotted from a center 
to an edge of the substrate. The non-symmetrical 
(skewed) plot shows that the upper left comer and the 
lower right comer depositions include severe variations 
at those locations. The variation in film thickness uni- 
formity for the analysis of Figure 7 being approximately 
8%. In comparison a similar plot 260 using a structure 
and method according to the invention results in the film 
uniformity plot as shown in Figure 8. The plot from the 
analysis is now generally symmetrical about the center 
and is rectangular without being skewed. The thickness 
variation from center to the edge being approximately 
equal on both sides of a vertical center axis. Figure 8 
provides a smaller distance between the maximum and 
the minimum than the plot of Figure 7. The resulting var- 
iation in film thickness uniformity being approximately 
4%. 

Single Beam Bearing Support 

Figure 9 shows a perspective schematized view of 
a device according to the invention wherein a magnet- 
ron assembly 272 is moved within a magnetron cham- 
ber 270 in the direction shown by the arrows 274. The 
magnetron assembly 272 is supported on a central 
bearing support beam 276 which can be moved verti- 
cally uniformly as shown by the arrows 278. A set of 
bearing rails, (e.g., 382, 384) supports the magnetron 
assembly 272 through a set of bearing truck receiving 
members (e.g., 282). The lateral motion of the magne- 
tron assembly is produced by turning a threaded drive 
rod 284 which is engaged with a threaded drive nut 286 
contained in a threaded drive nut housing 288. The 
threaded drive nut housing engages and can slide ver- 
tically on a pair of connecting pins 290a, 290b, which 
are fixed to and extend upwardly from the top of the 
magnetron assembly 272. The sliding connection be- 
tween the connecting pins 290a, 290b and the threaded 
drive nut housing 288 accommodates differential verti- 
cal motion between the threaded drive rod 264 which is 


fixed to the walls of the magnetron chamber 270 and the 
magnetron 272 supported by the support beam 276. 
The sliding connection allows vertical motion of a portion 
of the magnetron as it cycles from end to end and tips 

5 as it cycles as shown in Figure 10. 

Figure 10 shows an idealized exaggerated sche- 
matic perspective view of the motion of the magnetron 
assembly as shown in Figure 9. The magnetron assem- 
bly 300 moves laterally (horizontally in this case, but the 

io lateral motion could be across a curved (e.g., spherical) 
substrate surface as well) supported on a central bear- 
ing support rail 302 showing a twist from end to end. 
Dashed lines 304, 306 show a change in the elevation 
of the ends of the magnetron assembly (roll - as that 

is term is understood for aircraft motion) as the magnetron 
300 moves laterally from one end of the chamber to the 
other. As the magnetron assembly 272, 300 movesf rom 
one end of the processing chamber to the other, its left 
and right ends rise and fall, respectively, thus becoming 

20 farther from and closer to the target assembly, respec- 
tively. The end (a portion) of the magnetron assembly 
that is farther from the target surface reduces the mag- 
netic field influence enhancing sputtering, while an end 
of the magnetron that is closer to the target surface in- 

25 creases the magnetic field influence enhancing sputter- 
ing. This end to end tilting arrangement provides greater 
influence on sputtering at opposite corners of opposite 
ends of the magnetron chamber and magnetron respec- 
tively as the member moves from laterally from end to 

30 end. 

Conventional thinking requires the magnet field 
strength to be held constant over the whole area of the 
target as the magnetron moves. Such thinking imposes 
a specification for flatness of the tracking or parallelism 

35 between the path of the magnetron and a reference sur- 
face (usually the front surface) of the target. The paral- 
lelism between members is intended to provide a con- 
stant magnetic field. Specification of the range of the 
usual tolerance for flatness or parallelism which is usu- 

40 ally approximately 5 thousandths of an inch in I foot or 
less, is utilized to help define an aspect of the invention 
according to the claims. Such tolerances also exclude 
variations in alignment due to natural variation in man- 
ufacturing and practical limits in aligning ol mechanically 

45 mating pieces. The actual difference in elevation of the 
ends ol the magnetron according to the invention can 
be quite subtle. Variations in elevation slightly falling out- 
side the natural range of the tolerance of the specifica- 
tion for flatness or parallelism as slight as 0.0075" per 

50 foot will have an effect on film thickness uniformity, be- 
cause the magnetic field strength varies strongly with 
the distance. A localized variation in elevation will have 
a localized effect. The localized variation can be defined 
as a divergent portion (that portion of the reference sur- 

55 face of the magnetron motion that exceeds the tolerance 
for flatness or parallelism, both of which under normal 
circumstances are defined as plus or minus 0.005" ele- 
vation variation per lateral foot or less, less than 0.05%). 
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Therefore a configuration according to the invention 
can be defined in terms of the tolerance for flatness or 
parallelism. The imaginary surface formed by the lateral 
and vertical motion of the magnetron is evaluated for 
flatness or for parallelism against a reference surface. 
A configuration according to the invention provides that 
the imaginary surface include a divergent portion which 
has vertical components of the imaginary surface which 
fall outside the range of the conventional tolerance for 
flatness and/or parallelism and as a result of the motion 
of the magnetron in the divergent portion the motion pro- 
duces an improvement in the uniformity of film thickness 
deposited on a substrate. Because the magnetic field 
strength varies strongly as a function of distance from 
the magnetron, progressively larger departures from 
flatness or parallelism create progressively larger 
changes in the film thickness achieved. A departure 
from flatness or parallelism of 0.030" at the end of the 
magnetron track, or as much as approximately 10 mm 
out o! plane at the end of the magnetron, for the config- 
uration of Figure 9, results in changes in film thickness 
uniformity at opposite comers of the substrate and tar- 
get which provide an observable improvement when 
compared to the plot of Figures 7, (the setup in Figure 
7 having the norma! maximum range of 0.010" from rail 
end to rail end, when the tolerances for flatness or par- 
allelism are met). The elevation change provides an im- 
provement in film thickness uniformity to meet the spec- 
ification requirements of a 5% variation, as shown in Fig- 
ure 8. 

While this example provides one configuration of 
the invention, this same technique can be used at other 
locations where the film thickness uniformity or thick- 
ness control needs to be improved. The motion of the 
magnetron is adjusted so that the imaginary surface pat- 
tern describing its motion includes divergent portions 
which exceed the normal tolerances for flatness or par- 
allelism and create a change in the magnetic field at the 
surface of the target being sputtered, so that the film 
thickness uniformity or thickness control deposited on 
the substrate is improved. 

The vertical motion of a portion exceeding the spec- 
ification for flatness and for parallelism from end to end 
and side to side is measured against an imaginary ref- 
erence surface superimposed on the imaginary refer- 
ence surface pattern/profile created by the motion of the 
magnetron assembly 272. An elevation view showing 
the characteristics of the motion of the magnetron as- 
sembly 272 departing from flatness or parallelism is 
shown in Figures 11,12, and 1 3 for tilting of a linear mag- 
netron assembly 272, and in Figures 21 , 22, and 30 for 
the bending of the magnetron assembly 272. In both 
configurations the ends of the magnetron assembly 272 
near the end of its travel is raised to exceed the normal 
(or otherwise selected) tolerance (e.g.. 0.0057ft, 
0.00757ft, 0.0107ft, 0.0157ft, 0.0207ft, 0.0257ft, 
0 030711, 0 00357ft, 0.0407ft, or 0 00507ft (producing 
an approximately 10 mm change in elevation at the end 


of the magnetron)) to provide an improvement in the film 
thickness uniformity or thickness control across the sur- 
face of the substrate which is being sputter deposited. 
Figure 11,12, and 1 3 are progressive sectional cuts 

s showing the attitude (tilt or bend - roll) of a magnetron 
assembly 272 as it moves from one end to the other end 
of the magnetron chamber 270 as shown in Figure 9. 
The center support rait 276 supports a one-piece bear- 
ing frame 380 as shown in Figures 9 and 15. Generally 

10 speaking, the bearing raits 382, 384 are constructed to 
be fixed parallet to one another. However, if a portion of 
the bearing rail as shown in Figure 1 6 is cut along a split 
separation 392 in the top of the channel, between the 
holes pictured therein, and shims typically multiples of 

is 0.010" up to 0.060" depending upon the process, e.g., 
0.050", for example 394, 396, are positioned and fixed 
in place between the center bearing support beam 276 
and the one-piece bearing frame 380 on opposite sides 
at opposite ends. The shims cause a slight vertical bend 

20 in the bearing rails 382 and 384. The slight vertical offset 
371 (Fig. 13) at the center bearing support is amplified 
as the magnetron projects further outward towards its 
end, where the vertical offset is a maximum (approxi- 
mately 10 mm). The configuration of the bearing rails 

2S 382, 384 causes the magnetron assembly 272 to follow 
the path of the raits. Movement of the magnetron creates 
a series of points in an imaginary surface pattern (flight 
path) tracing the position of each point of the magnetron 
assembly 272 as it moves laterally. Some of the points 

30 in the imaginary surface pattern are vertically offset from 
an imaginary horizontal plane (in which the magnetron 
assembly would move if its bearing rails were not verti- 
cally offset from the neutral axis 368 (see Figure 12) of 
the lateral motion and intersecting with the pattern of the 

35 horizontal reference plane) a distance greater than a tol- 
erance for flatness or parallelism with a reference sur- 
face. The vertical adjustment to the bearing rail position 
can also be done by using vertical slots through which 
bolts are tightened in the side of the one-piece bearing 

40 frame instead of or in addition to the shims 394, 396. 

As shown in Figure 13, the offset in the vertical di- 
rection of the left side split bearing rail frame 360 in a 
vertical direction by a distance 370 causes the magne- 
tron assembly to assume a roll attitude as shown by the 

45 dashed line 372. The offset of the bearing rail from a 
central axis 364 is set by a distance 366. Similarly in 
Figure 1 1 a right side split bearing rail 362 is shown such 
that the offset of the bearing rail on the right side from 
a central axis 368 by a distance 371 (approximately 10 

50 mm) provides a magnetron roll attitude as shown by the 
dashed line 374. Thus, a small change in elevation near 
a central support will provide a much larger change in 
elevation at the extreme end of the magnetron assembly 
272 extending out far beyond the central support rail 

55 276. 

Figures 17-20, 17 A, 18 A, 20 A, and 21-24 show an- 
other configuration of a magnetron supported on a cen- 
tral support beam 276 according to the invention In this 
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configuration instead of tilting ihe bearing rails, the bear- 
ing rails are maintained in their original flat horizontal 
attitude which without interference would provide a pla- 
nar flat travel path for the magnetron parallel to a refer- 
ence surface of the target assembly. In this configuration 
the magnetron assembly 272 is supported not just from 
the central bearing support beam 276, but as the mag- 
netron assembly approaches the ends of the chamber 
a cam follower (roller) 442 engages a ramp (cam) 422 
so that the end of the magnetron assembly is bent or 
tilted upwards away from the sputtering target assem- 
bly. Ramps 422, 428 are positioned at opposite corners 
of the chamber, corresponding to the locations on the 
sputtering target where the excessive erosion anomaly 
is observed (Fig. 6). In one configuration a rigid gener- 
ally non-detormable magnetron housing can be used 
with a spring loaded joint to hold the magnetron to the 
bearing trucks of the center bearing rails. The springs 
are loaded to hold the magnetron straight and level with 
the bearing rails, and to allow hinging with a pivot axis 
at tne center bearing rail when the end of a magnetron 
comes in contact with a cam to raise it. In another con- 
figuration the magnetron housing is made of an easily 
deformable plastic, rubber or other similar material, with 
a rigid connection at the center rail to the center bearing 
truck(s), such that when the magnetron end comes in 
contact with a cam (i.e., 422) it bends in a curve and to 
raise the end of the magnetron away from the target as- 
sembly. Compare the roll attitudes shown in Figures 21 
versus 21 A and 23 versus 23A. 

Figures 17, 17 A, 18. 18A, 19. 20, and 20A are a 
series of related cross sectional schematic views show- 
ing the motion of the end of the magnetron assembly 
272 where a cam (ramp) and cam follower (roller) posi- 
tioned a certain locations causes the whole magnetron 
or a portion of the magnetron to move toward or away 
from the target assembly. The magnetron assembly us- 
es a cam follower (roller) 442 and cam surface (ramp) 
422 to produces a vertical roll motion with a dimension 
432 as shown in Figure 17. The end 440 of the magne- 
tron assembly 272 includes a lift roller assembly frame 
444 having a lift roller 442. The lift roller 442 and frame 
444 travel with the magnetron assembly 272 at its ends 
(only one end 440, is shown), and when the lift roller 442 
encounters the lift ramp 422 fixed to the chamber 
through a support fixlu re (e.g. . support block 446), it rolls 
up the ramp 422 and as it is rolling up the ramp the end 
of the magnetron assembly is bent up a distance 432. 
In this configuration the translalional force moving the 
magnetron assembly 272 from end to end also causes 
an end (e.g.. 440) of the magnetron to be bent upwards 
when the ramps 422, 428 are encountered. The dashed 
lines, 424, 420, 430 in Figures 21 , 22 and 23 represent 
the idealized bent, straight, and bent attitude (configu- 
rations), respectively, of the magnetron assembly 272 
as it moves from end to end. In the idealized case, one 
side of the magnetron assembly 272 remains straight 
and parallel wilh the reference surface of the target as- 


sembly while the other side is bent up in a curve approx- 
imately as shown (the linear horizontal dashed lines are 
a reference against which the change h elevation at the 
end of the magnetron assembly can be evaluated), in 

5 practice there will be some impact on the free end of the 
assembly as there is some play between the linear bear- 
ings in the truck and the bearing raits and some vertical 
motion at the free end will occur. 

In the top view of Figure 24, probable locations for 

io an upper left comer ramp 422 and a lower right corner 
ramp 428 are shown (the locations providing elastic 
bending of the magnetron assembly without excessive 
material stress - for example when an easily deformable 
material such as rubber is used). When the magnetron 

is assembly 270 moves from its centrally located horizon- 
tal attitude (configuration) 420 taken at 22-22 in Figure 
24 to a first end of the chamber as shown by the attitude 
taken at 21-21 , the resulting bending of the magnetron 
assembly is shown by the dashed line 424 and provides 

20 an offset dimension 426 f rom the center tine (e.g. , 420) 
at the end of the magnetron assembly. Similarly when 
the magnetron assembly 272 moves to the other end of 
the chamber as shown by the view taken at 23-23, the 
bent attitude of the magnetron assembly is shown by 

2S the dashed 430 provides a dimensional offset 432 from 
the center line (e.g., 420). In a symmetrical system the 
vertical offset dimensions 432, 426 due to the bend of 
the magnetron assembly at the two ends should be 
nearly identical, however it is possible to have a different 

30 vertical offset dimension at each end should empirical 
data show that such varying offsets are necessary. The 
control of sputtering to achieve non-uniform film thick- 
ness in a preserved pattern can also be performed. 
The illustrations of Figures 17 A, 18 A, and 20A show 

3S the use of four ramps (or cams) 41 5, 41 6, 41 7. 418, with 
a spring loaded center magnetron connection to the 
center bearing rails trucks (not shown here). The ends 
of he magnetron the top view of which is shown in Figure 
17A includes two sets of rollers 434, 436 which are lo- 

40 cated above a side of the magnetron 272a. When the 
magnetron nears the end of its lateral travel two of its 
rollers on one side (only one of which is shown, e.g., 
434) contacts two ramps (i.e.. 415. 418) and the magn- 
etron undergoes an upward pitch to raise the edge of 

45 the magnetron nearest to the edge of the chamber by a 
distance 432a. This edge rise due a change in the pitch 
(again using an aircraft altitude reference) of the mag- 
netron cause a reduction in the magnetic field at the 
edge of the target assembly and avoids excessive dep- 

50 osition due to edge effects which might otherwise be 
present. Thus the magnetron can undergo changes in 
its roll and pitch attitudes. A change in its yaw attitude 
would be possible if the bearing tracks were not gener- 
ally linear or if the bearing trucks included a suspension 

55 allowing for some differential motion between adjacent 
bearing truck on a magnetron. 

The conceptualized configurations of magnetron 
assemblies described above are carried out in practice 
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by mechanisms as shown in Figures 25 and 26. 

Figures 25 and 26 show the bottom and cross sec- 
tional views of a magnetron assembly 118 supported by 
a central bearing support frame 1 36 consisting of a lin- 
ear bearing support section 142 and a lateral extension 
section 144. The linear bearing support section 142 has 
fixed to each o1 its sides bearing rails 138. 140 (a set of 
tracks). The magnetron assembly 118 is supported from 
the bearing rails 138. 140 through a set of linear rail 
trucks 120, 121. The linear rail trucks are fixed to the 
magnetron assembly 118 and slide back and forth on 
the linear rails 138, 140. The motion of the magnetron 
assembly in a back and forth (lateral) direction is accom- 
plished by rotation of a threaded drive rod (ball screw) 
112, which is received by a ball screw receiving nut 1 22 
that includes a set of nut housing pin receiving holes 
126. 128. A set of drive pins extend vertically from the 
magnetron assembly 1 1 8 into the holes 1 26. 1 28 to slide 
vertically to avoid binding in the mechanism due to mis- 
alignment between the linear rails 138, 140 and the ro- 
tatable threaded drive rod 112. The threaded drive rod 
is turned by a ball screw drive motor 114 supported out- 
side the chamber top while the second end of the ball 
screw is supported by a ball screw end bearing 116. In 
this configuration, the movement of the central bearing 
support frame 1 36 in a vertical direction is accomplished 
by rotating a set of vertically oriented lead screws 1 48, 
1 50, 1 52, to which toothed drive belt pulleys have been 
attached. A drive pulley and motor 1 56, are linked to the 
toothed drive belt pulleys by a toothed drive belt 154. 
When the belt drive pulley and motor 156 are turned, 
the pulleys 148, 150. 152 turn simultaneously to turn 
equally pitched lead screws engaged with stationary 
nuts to move the central bearing support frame 136 up 
and down while maintaining parallelism between the lin- 
ear bearing support section 142 and the target. 

In a conventional configuration, the horizontal atti- 
tude of the magnetron assembly 118 is controlled 
through the sliding attachment to the very precisely 
aligned bearing rails 138, 140. 

In this way. the movement of the magnetron assem- 
bly is uniform and parallel with the usually flat front face 
of an unsputtered target prior to its being eroded or uti- 
lized. This configuration is used for sputtering of rela- 
tively small rectangular substrates up to approximately 
400 mm X 500 mm in size. 

In the instance when the magnetron is to be tilted 
using a configuration according to the invention, the 
bearing rails 138, 140 are tilted (for example as shown 
by the configuration of Figure 22), while the central bear- 
ing support frame 136 continues to be moved up and 
down while being held in a parallel attitude with the tar- 
get assembly. 

A method according to the invention includes verti- 
cally moving the magnetron assembly as shown in Fig- 
ures 25 and 26, as the magnetron assembly moves lat- 
erally across ihe target assembly However, given the 
variations in the depth target erosion profile as shown 


in Figure 6, a parallel lifting of the magnetron assembly 
would not provide an improvement ri the variation in film 
thickness uniformity or thickness control over th© cur- 
rent vertically fixed arrangement. An alternate arrange- 
5 ment would be to drive each vertical support by separate 
motor/actuators, to control the vertical motion of the sup- 
port beams and the magnetron assembly through elec- 
tronic controls tied to the lateral position of the magne- 
tron assembly. 

10 

Two Parallel Beam Bearing Supports 

For large rectangular substrates approximately 600 
mm X 700 mm in size, a second mechanism shown con- 

1$ ceptualized in Figures 27, and 28 and in detail in Figures 
34 and 35 is utilized. 

Figure 27 shows the context of this second mech- 
anism of the invention. A magnetron chamber 310 con- 
tains a magnetron assembly 312. The magnetron as- 

20 sembly 31 2 is supported by two bearing support beams 
316, 317, which allow the magnetron assembly 312 
fixed to a set of bearing trucks (e.g.. 324) to move along 
a set of bearing rails (e.g., 322) in a lateral direction as 
shown by the arrows 314. The vertical movement of the 

25 bearing support beams 316, 318 is shown by the arrows 
320. The lateral motion of the magnetron assembly 312 
along the bearing rail 322 is produced by rotation of the 
threaded drive rod 326 which engages a threaded drive 
nut 328 contained within a threaded drive nut housing 

30 330. The threaded drive nut housing 330 is fixed to a 
bowed section of a flexible spring-like connection 332, 
which is fixed to the magnetron assembly 31 2 such that 
misalignment or relative motion between the bearing 
support beams 31 6, 31 8 and th reacted drive nut 326 pro- 

35 vides a flexible connection in a vertical direction while 
providing rigidity in a transverse direction. The idealized 
tracking of the magnetron assembly 312 in the configu- 
ration of Figure 27 is shown in Figure 28. in Figure 28 
a magnetron assembly 342 is supported on two bearing 

40 support rails 344, 346 supported by end frames 348, 
350. The endlrames 348, 350 in this configuration being 
level and parallel with each other. The positioning of the 
left side rail 344 showing a vertical progression of the 
left end of the magnetron 342 from a bwer edge of the 

45 frame 348 to an upper edge of the frame 350 at the op- 
posite end. The positioning of the right side bearing sup- 
port 346 shows vertical progression from an upper edge 
of the end frame 348 to a lower edge of the end frame 
350 at the opposite end. 

so a magnetron assembly supported by end rails is 
shown in Figures 29 through 33. Figure 29 shows the 
cross section of a processing chamber with the magn- 
etron assembly 31 2 supported by two perimeter support 
rails 400, 402. This configuration is consistent with the 

55 conceptualized visualization of Figures 27 and 28. At 
one extreme end as can be seen in Figure 30 (taken at 
the location of 30-30 in Figure 33). the offsel of the end 
of the rail 402 in a vertical direction an amount shown 
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by the distance 408a rosuiis n a magnetron assembly 
attitude (tilt) as shown *pp*nx mated by the dashed line 
412. At a centra J location ran be seen in Figure 31 
(taken at the tocalion oi 31 31 in Figure 33) a horizontal 
attitude 404 ccnliqufcu the nviqnclron to be parallel with 
the target surface o» laujoi idcicnce surface (usually a 
plane). At the second end ot the processing chamber as 
shown in Figure 32 the ooss section taken at 32-32 of 
Figure 33, the position oi mc bearing rail 400 above the 
reference plane ic q p.ti.iitel to 404 in Figure 31), of 
the target assembly c trie attitude (tilt) of the mag- 
netron assembly 3t r u t* .tj.pioximately as shown by 
the dashed line 414 Tr < voiicn offset distance is rep- 
resented by 40 in xtxf. rvj *ncc the horizontal offset 
from a lateral ccnei bn« a:^ c\ the processing chamber 
is a distance 410 Wm-i the vertical offset dimen- 
sions at the beam 4*>~.i must be larger to achieve 
a similar change m ^tiit**.i»* m h> when compared to the 
configuration of int in.« yi.'iron nbscmbly as is shown in 
Figures 11 tt»ouu« *t> i b» nailer vertical offset at 

the beaniHj tail i^ .t»<-j to the opposite support 

rail results in 1 ^ih.u .iini.^HVil change (tilt) per unit 
length Irorr oi o oki i in. »:i end of the magnetron 
assembly C1C 

The dcinccJ v« a iJ * • ioics 34 and 35 show a 
magnetion .iLion<t^. l * »n;:tomented in a magne- 
tron chamboi ic> u .% si-uticung chamber. A magn- 
etron assembly 1 ~ - • » < ♦ ♦ nie positions of which are 
shown in F irp it o . r » »j «j » rft«vi on a set of two bearing 
rails 206 20- -..m^ndon a set of pseudo 

parallel edge b*:.v* ) v.; > • *i . i 200. A set of linear 
rait trucks 1~0 ir. «*n>.> r>.- ocaring rails 206, 208, 
and move b^cfc i * • » jf«v?nDya threaded drive 
rod (ball soc*, i .-.n #>u by a dashed line in Fig- 
ure 34) In thr> it in vu- tuck and forth motion 
of the m-ignctron ? • *-• r, accomplished by the 
rotation oi it* cjn>. » »• 1 \ «nounied between a ball 
screw drive nvMo* * 4 bci cw end bearing 176. 
The ball sen * i .\ *- . * > • b ill screw receiving nut 
184 captuicu « .i t. * . ' a • ec owing housing 186. 
Thcbatlscievwr\ . -> ^ ifoislixed to a flexible 
leaf spnnq iikt i-.. t - i- w*>ich is connected to the 
magnction *r. % * *« «• n*.* ends. The bearing 
raits 206 i'Or <r - mentioned mechanism 
are precisely y**" 1 ?- .•• with one another and 
with the lace c i -# t » j mcicd so that uniform 
deposition :*> t -..i! .t« « . t i«c place. 

The iui.it i-ti - .1 • ^ Fiyuies 34 and 35 is 
suppoiied u»» i/v. -p. i v - ' * c «r 200 aligned to one 
another to nc i iu . ' t"* » * inn with a set of end sup- 
port frame mom- •■ ." . . s 1o provide vertical ad- 
justment low be mn j m. ufi?. o intcaded support rods 
engaged v»ith ih>c.*c) n * < ivmcj nuts on the frame are 
fixed to toolhod pulk^y* 1'10 21 2. 214 and 216. A 
toothed drive ben 22? urns .nou -^d the toothed pulleys 
210, 212, 214 and 2l6^nci^ ound to idler pulleys 218, 
220 to engage and ho rinvon by a belt drive pulley and 
motor 224 When the noli rit vo pulley and motor 224 


turn, each of the lead screws in the four corners are 
turned by the toothed pulleys f ixed to the lead screws to 
cause parallel adjustment o1 the bearing support frame 
in a vertical direction. An alternate arrangement would 
s be to drive each vertical support by separate motor/ac- 
tuators, to control the vertical motion of the support 
beams and the magnetron assembly through electronic 
controls tied to the lateral position of the magnetron as- 
sembly. 

to 

Two-Piece Hinged Magnetron 

Another configuration for a magnetron assembly 
460 and its vertical manipulation is shown in Figures 36 

is and 37. These Figures show a cross section of a hinged 
magnetron assembly 460 utilizing a center support rail 
462 which can be continuously bent as shown in Figure 
37 or can be a series of linear segments. In these con- 
figurations a center intersection of the two hinged sec- 

20 lions of the magnetron assembly 460 are supported 
from the center bearing rail 462 to provide variations in 
the distance from the sputtering target to the center of 
the magnetron assembly 460 as the magnetron assem- 
bly cycles from end to end. The variation in horizontal 

ss distances due to the different horizontal dimensions 
when comparing a hinged magnetron and a straight 
magnetron is accommodated by curving the perimeter 
bearing beams inward or by providing a fixed connection 
between the a bearing truck attached to the center sup- 

30 port rail 462 while the bearing truck connections to the 
side support rails 464. 466, are free to move (slide) to- 
ward and away from the center bearing rail 462, details 
of such connections can be developed and executed by 
persons of ordinary skill in the art. 

35 

Segmented Magnetron Following Reference Contour 

Another embodiment according to the invention is 
pictured in Figure 38. In this embodiment one or more 

40 cam surfaces and cam followers are utilized to change 
the distance between portions of a magnetron assembly 
having magnetron sub-sections which can move inde- 
pendently while maintaining a semblance of a continu- 
ous loop of adjacent permanent magnets in the magnet 

45 array in the magnetron. The magnet sub-sections (a se- 
ries of magnet member subsections) can be pivotabte 
and can be hinged together like a chain, to provide a 
continuous magnetic field, or can be encased in a flex- 
ible housing. As shown in Figure 38, several cam sur- 

50 faces (a series of cam surfaces) can be combined to 
form a continuous cam surface plate 476 reflecting the 
profile/pattern to be followed by each sub-section of the 
magnetron and the magnetron assembly as a whole. 
The cam surface plate 476 includes several adjacent 

55 cam surface slots (e.g., 478) through which a cam fol- 
lower rod (e.g., 474) connects a cam follower (e.g., 482) 
with a sub-section (e.g., 472) of the magnetron assem- 
bly. A magnetron contour tracking frame 486 maintains 


11 


BNSDCCIO: <EP C32C063A2J. > 


« 


21 EP 0 820 088 A2 22 


the vertical alignment between the cam followers (e.g., 
482) and magnetron sub-sections (e.g.. 472) so that 
they track together (as driven by a lateral drive) to pro- 
vide an improvement in the control of film thickness and/ 
or its uniformity. Each track of the profile-surface pattern s 
varies the distance between each particular sub-section 
(e.g., 472) of the magnetron assembly and the target 
below. 

Another configuration according to the invention is 
shown in Figure 38A. In Figure 38A a magnetron 488 is w 
constructed of a flexible material such that each vertical 
control member (of a series of vertical drives) controls 
the vertical elevation of a portion of the magnetron 488. 
The tracking frame 486 is cut away for clarity. In this con- 
figuration, the influence of the magnetron 488 on the tar- *s 
get can be precisely controlled, by increasing the 
number of vertical control members (push/pull rods) 
and/or by providing such vertical control members on 
each side of the magnetron so that a desired pitch atti- 
tude can be achieved. 20 

Figures 39-42 show conceptualized idealized ap- 
proximations of three of a variety of surface patterns/ 
profiles that might be utilized for the cam surface 476. 

In Figure 39 a surface pattern/profile has a shape 
similar to the surface pattern/profile tracked by the mag- ss 
netron assembly of the configuration as shown in Fig- 
ures 9-15 (opposite corners being high, while adjacent 
opposite corners are low). In this profile a back corner 
494 and a front comer 498 are low, while a right side 
corner 492 and a left side comer 496 are raised. There- 30 
fore, the elevation change between the rails which os- 
tensibly connect the bottom comer 498 with the right 
corner 492 is from tow to high, while the rail which con- 
nects from back comer 494 to left corner 496 is from 
high to low. 55 

Figure 40 shows a surface following a two dimen- 
sional circular or parabolic shaped curve. A high point 
of the curve and the arc shaped surface is along the 
center lateral axis 503. In practice, a bearing rail eleva- 
tion would follow a edge ol the pictured surface, for ex- *o 
ample from the right comer 504 to the bottom corner 
510 and from the top corner 506 to the left hand corner 
508. 

The surface profile/pattern contour of Figure 41 
shows an upwardly parabolic or rounded type shape 
where all of the corners, right corner 516, back corner 
518, left corner 520, and front corner 522 are approxi- 
mately at equal high elevations, while a center 515 of 
the corners is at a low point. A magnetron assembly fol- 
lowing this surface pattern will have magnet sub-sec- so 
tions in the magnet array of the a magnetron assembly 
which cause the center portion of the magnet array to 
approach the back ol the target to increase the sputter- 
ing at that location. Alternately, the configuration may 
be used so that the magnetic field effect uniformly sput- ss 
ters a circularly or parabolically shaped target to sputter 
deposit a similarly shaped circularly or parabolically 
shaped substrate (e g . a parabolic mirror) wilhout hav- 


ing to form a specially shaped magnetron. In using this 
configuration the deposition film thickness can be kepi 
relatively constant utilizing a magnetron sub-section 
surface pattern/profile as shown by Figure 41 . 

Figure 42 shows a concave down circular or para- 
bolic surface shape with four comers 528, 530, 532 and 
534 being the low point of the surface profile/pattern, 
while a high point of the surface profile/pattern is at a 
center 527. 

A person of ordinary skill in the art will understand 
that the mechanical cam shape (e.g., of Figure 38) or 
any generally reasonably continuous cam surface pro- 
file/pattern can be utilized to change the distance be- 
tween the magnetron sub-sections and the target as- 
sembly. The surface patterns/profiles shown are but 
several of the many varieties of surface patterns that 
might be utilized, variations in the cam surface/profile 
can accommodate desired localized changes in the 
sputtering rate at those particular locations by forming 
the cam surface accordingly. 

Vertical Actuators 

Another configuration of the device according to the 
invention is to utilize a planar follower plate 546 which 
utilizes an approximately flat plate and a structure which 
correlates a lateral position and a vertical position of 
each sub-section (e.g., 542) of the magnetron as shown 
in Figure 43. Each sub-sect ton (e.g., 542) is connected 
through a vertical positioning rod (e.g., 544) to a contour 
plate follower activator (e.g., 552). These collectively 
makeup an activator assembly (e.g., 550). The activator 
assembly (e.g., 550) moves in a slot (e.g., 548) in the 
planar follower plate 546 according to the motion of a 
magnetron contour tracking frame 558 (shown in 
dashed lines) which ties all of the activator assemblies 
together so that they move simultaneously in a lateral 
direction as the magnetron assembly (including all of the 
magnetron sub-sections) sweeps laterally across the 
target assembly. The vertical position of each magnet- 
ron sub-section 542 is set according to a control system 
554 which receives elevation control data which estab- 
lishes an elevation for each magnetron sub-section lo- 
cation as the magnetron cycles from end to end. The 
elevation control data causes the magnet sub-sections 
to moves in a programmed manner according to a pro- 
grammed surface profile/pattern. The programmed pat- 
tern causes the magnet sub-section to move as if it were 
following a surface pattern of a mechanical cam surface 
(i.e., as shown in Figure 38) utilizing electronic program- 
ming to cause the activators to move the magnetron 
sub-sections according to programming of a contour 
generator 556, which provides a reference contour to 
the control system 554. The programming of the contour 
data is easily changed to adjust the magnetron tracking 
according to a desired surface pattern/profile. 


40 
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Electro-Magnet Magnetron Control of Sputtering 

Figures 44 and 45 show a magnetron configuration 
using electro-magnets which can be used to control 
sputtering. A magnetron 560 held in a plane generally 
parallel to a target's surface is swept back and forth 
across the back of a target assembly. As the magnetron 
560 is moved electromagnets in the magnetron are en- 
ergized and the intensity of the magnetic field generated 
by each electro-magnet in the array is varied according 
to a contour plot 556a which sets out the desired film 
deposition profile based on empirically derived knowl- 
edge of variations in the physical configuration. Thus as 
the magnetron moves back and forth the magnetic field 
is electrically varied to achieve a result similar to that 
achieved by moving a magnetron with permanent mag- 
nets closer to and further away from the back ol the tar- 
get assembly. The magnet array in such a configuration 
may include a combination of permanent and electro- 
magnets, and such electro magnets may be used in con- 
junction with a vertical motion or with motion in a plane. 
In the extreme, a static array of electromagnets could 
have an area covenng the substrate surface and the 
movement of magnetic field would be electronically con- 
trolled by controlling the energization and deenergiza- 
lion of selected electromagnets. 

Figure 45 shows a configuration of the magnetron 
560 utilizing electro-magnets. The magnets are aligned 
in the same way as shown in Figure 4 except that each 
permanent magnet segment is replaced by a electro- 
magnetic core (preferably iron) possibly in the shape of 
a spool 564 as shown, with each spool 564 being sur- 
rounded by a wire coil 568. The strength of the magnetic 
field is individually controlled by a circuit wires 576 con- 
nected to the contour controller 554a. As the magnetron 
travels back and forth the magnetic field strength is var- 
ied by changing the electrical power supplied to the elec- 
tromagnetic coils and sputtering is enhanced according- 
ly 

A method according to the invention for selectively 
controlling the film thickness deposited on a substrate 
during sputtering includes the steps of moving a magnet 
member laterally in the proximity of a sputtering target 
and varying the strength of the magnetic field enhancing 
sputtering at the target surface as the magnet member 
moves laterally todeposit a particular film thickness pat- 
tern on the substrate during processing during sputter- 
ing It may be desirable to have a different than uniform 
film thickness for example it may be desirable to in- 
crease the film thickness at the edge of the substrate so 
that wiring connections between the conductive layers 
deposited on the substrate have an increased durability 
and arc less subject to fracture. In general it is expected 
that the tolerances for film thickness uniformity over a 
substantial ponton of the substrate will have to be main- 
tained, whether localized anomalies in film thickness are 
desired or not The structure and method according to 
the invention provides uniformity where uniformity in film 


thickness is desired and provides non-uniformity where 
non-uniformity is desired 

A method according to the invention utilizes moving 
magnet sections or magnetron assemblies laterally 
s while utilizing a vertical support which changes the ele- 
vation of particular portions of the magnetron assembly 
according to its lateral position to improve film thickness 
uniformity. 

A method according to the invention includes the 

10 steps of moving a magnet member laterally in the prox- 
imity of a sputtering target and moving portions of said 
magnet vertically, a distance greater than a tolerance 
for parallelism between a reference plane and the plane 
of motion at selected locations to vary the magnetic field 

is strength causing a divergence from the plane to improve 
the film thickness uniformity. Another method according 
to the invention includes the steps of moving a magnet 
member laterally along a track and moving portions of 
the magnet member in a vertical direction simultaneous- 

20 iy with the lateral motion of the magnet member to 
change the magnetic field intensity utilized for sputtering 
at one or more locations along the track to improve film 
thickness uniformity or thickness control for sputtering. 
The magnet member can be moved laterally along a 

25 track and while portions of the magnet member are 
moved in a vertical direction simultaneously with the lat- 
eral motion of the magnet member to change the mag- 
netic field intensity utilized for sputtering at one or more 
locations along the track to improve the control of the 

30 film thickness deposited during sputtering. 

In a method according to the invention the step of 
varying the strength of the magnetic field includes 
changing the strength of electro-magnets in the mag- 
netic member according to a pattern depending on the 

35 lateral location of the magnet member. 

While the invention has been described with re- 
gards to specific embodiments, those skilled in the art 
will recognize that changes can be made in form and 
detail without departing from the spirit and scope of the 

40 invention. 


Claims 

45 1. a magnetron sputtering apparatus, comprising: 

a magnet member having a magnetic field em- 
anating therefrom disposed in the proximity of 
a sputtering target, 

so a magnet member cycling system which during 

sputtering of said sputtering target causes said 
magnet member to move in a set pattern, 
wherein said set pattern of motion is defined by 
a set of points defining a pattern reference sur- 

55 face, wherein the pattern reference surface is 

defined by a set of lateral coordinates and a set 
of vertical coordinates of the pattern, 
wherein said set of lateral coordinates establish 
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a defined set of locations on an offset reference 
surface which is approximately parallel to a ref- 
erence surface of said sputtering target and off- 
set from it, 

wherein said set of vertical coordinates estab- 
lish a defined set of elevations for said set pat- 
tern at each respective lateral coordinate of 
said set of lateral coordinates, 
wherein said pattern reference surface in- 
cludes a divergent portion having a subset of 
said defined set of elevations establishing the 
elevation of the pattern reference surface with- 
in said divergent portion at a distance from said 
offset reference surface at each respective lat- 
eral coordinate of said set of lateral coordi- 
nates, wherein the elevation ol the pattern ref- 
erence surface within said divergent portion 
falls outside a range of tolerance for parallelism 
between said offset reference surface and said 
reference surface of said sputtering target. 

2. The magnetron sputtering apparatus as in Claim 1 , 

wherein motion of said magnet member fol- 
lowing said divergent portion of said pattern refer- 
ence surface, rather than following a non-divergent 
portion of said pattern in which said distance would 
fall within the range of tolerance for parallelism be- 
tween offset reference surface and said reference 
surface of said sputtering target, provides an im- 
provement in the uniformity or thickness control of 
film thickness deposited on the surface of a sub- 
strate, located opposite said sputtering target, be- 
ing sputter deposited. 

3. The magnetron sputtering apparatus as in Claim 1 , 

wherein said reference surface of said sput- 
tering target is defined by unused pre-sputtering 
configuration surface of said sputtering target fac- 
ing said processing chamber. 

4. The magnetron sputtering apparatus as in Claim 2, 

wherein said reference surface of said sput- 
tering target is defined by an unused pre-sputtering 
configuration of a front surface of said sputtering 
target facing said processing chamber. 

5. The magnetron sputtering apparatus as in Claim 1 , 
2, 3, or 4, 

wherein said tolerance for parallelism is 
0.0075 inches per foot ol motion along said offset 
reference surface. 

6. The magnetron sputtering apparatus as in Claim 1, 
2, or 3, 

wherein said tolerance for parallelism is 0.010 
inches per foot of motion along said offset reference 
surface. 


7. The magnetron sputtering apparatus as in Claim 1 , 
2, or 3. 

wherein said tolerance for parallelism is 0.01 5 
inches per foot of motion along said offset reference 
5 surface. 

8. The magnetron sputtering apparatus as in Claim 1 , 
2, or 3, 

wherein said tolerance for parallelism is 0.020 
io inches per foot of motion along said offset reference 
surface. 

9. The magnetron sputtering apparatus as in Claim 1 , 
2, or 3. 

is wherein said tolerance for parallelism is 0.025 

inches per foot of motion along said offset reference 
surface. 

10. The magnetron sputtering apparatus as in Claim 1 , 
20 2, or 3, 

wherein said tolerance for parallelism is 0.030 
inches per foot of motion along said offset reference 
surface. 

2S 11 . The magnetron sputtering apparatus as in Claim 1 , 
2, or 3, 

wherein said tolerance for parallelism is 0.035 
inches per foot of motion along said offset reference 
surface. 

30 

12. The magnetron sputtering apparatus as in Claim 1 , 
2, or 3, 

wherein saidtolerance for parallelism is 0.040 
inches perfect of motion along said offset reference 
3$ surface. 

13. The magnetron sputtering apparatus as in Claim 1 , 
2, or 3, 

wherein said tolerance for parallelism is 0.050 
to inches per foot of motion along said offset reference 
surface. 

14. The magnetron sputtering apparatus as in Claim 1 , 

45 wherein said set pattern of said cycling system 

results from a motion along a set of tracks sup- 
porting and guiding the magnet member, 
wherein the configuration of said set of tracks 
establishes said set of lateral coordinates and 

so said set of vertical coordinates of said set pat- 

tern, including said divergent portion. 

15. The magnetron sputtering apparatus as in Claim 
14, 

55 wherein said motion along said set of tracks 

is a back and forth motion. 

16. The magnetron sputtering apparatus as in Claim 1 , 
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further comprising: 


continuous cam plate surface. 


a set of tracks supporting and guiding the mag- 
net member 

a cam surface fixed to a first of either said mag- 
net member or a fixed support adjacent said 
tracks and a cam follower fixed to a second of 
either said magnet member or said fixed sup- 
port, 

wherein a divergent portion of said motion, cor- 
responding to said divergent portion of said pat- 
tern reference surface, results from a motion 
along said set of tracks, 
wherein said set pattern of said cycling system 
results at least partially from a motion along 
said set of tracks where during said set motion 
said cam follower comes into contact with said 
cam surface and urges said magnet member in 
a vertical direction to follow a motion corre- 
sponding to the divergent portion of said pat- 
tern reference surface. 

17. The magnetron sputtering apparatus as in Claim 1 , 

wherein said magnet member includes a series 

of magnet member subsections, 

wherein said magnetron apparatus further 

comprises: 

a set of tracks, wherein each one of said 
set of tracks supports and guides a corre- 
sponding subset of said series of magnet 
member subsections, 
a series of cam surfaces, each one of said 
series of cam surfaces being fixed to a first 
of either a subsection of said series of mag- 
net member subsections or a fixed support 
adjacent said tracks and a cam follower 
fixed to a second of either a subsection of 
said series of magnet member subsections 
or said fixed support, 

wherein a divergent portion of said motion, cor- 
responding to said divergent portion of said pat- 
tern reference surface, 

wherein said set pattern of said cycling system 
results at least partially from a motion along 
said set of tracks where during said set motion 
said cam follower comes into contact with said 
cam surface and causes at least one of said 
series of magnet member sections to move in 
a vertical direction to follow a motion corre- 
sponding to the divergent portion of said pat- 
tern reference surface. 

18. The magnetron sputtering apparatus as in Claim 
17. 

wherein said series of cam surfaces form a 


19. The magnetron sputtering apparatus as in Claim 
18. 

s wherein travel of said magnet member follow- 

ing said divergent portion, rather than following said 
plane, provides an improvement in the uniformity of 
film thickness deposited on the surface of a sub- 
strate, located opposite said sputtering target, be- 
to jng sputter deposited. 

20. The magnetron sputtering apparatus as in Claim 1 8 
or 19, 

wherein said tolerance for parallelism is 
is 0.0075 inches per foot of motion along said track. 

21. The magnetron sputtering apparatus as in Claim 18 
or 19, 

wherein said tolerance for parallelism is 0.01 0 
20 inches per foot of motion along said track. 

22. The magnetron sputtering apparatus as in Claim 18 
or 19, 

wherein said tolerance for parallelism is 0.01 5 
25 inches per foot of motion along said track. 

23. The magnetron sputtering apparatus as in Claim 18 
or 19, 

wherein said tolerance for parallelism is 0.020 
30 inches per foot of motion along said track. 

24. The magnetron sputtering apparatus as in Claim 18 
or 19, 

wherein said tolerance for parallelism is 0.025 
35 inches per foot of motion along said track. 

25. The magnetron sputtering apparatus as in Claim 18 
or 19, 

wherein said tolerance for parallelism is 0.030 
40 inches per foot of motion along said track. 

26. The magnetron sputtering apparatus as in Claim 18 
or 19, 

wherein said tolerance for parallelism is 0.035 
45 inches per foot of motion along said track. 

27. The magnetron sputtering apparatus as in Claim 18 
or 19, 

wherein said tolerance for parallelism is 0.040 
50 inches per toot of motion along said track. 

28. The magnetron sputtering apparatus as in Claim 18 
or 19, 

wherein said tolerance for parallelism is 0.050 
55 inches per foot of motion along said track. 

29. An magnet scanning mechanism comprising 
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a magnet member supported on series of rails, 
where the magnet member acts as a truck that 
rides said series of rails 
wherein said rails run adjacent to one another 
to accommodate an approximately constant 5 
track width ol said truck as it moves from a first 
end of said series of raits to a second end of 
said series of rails, 

wherein said movement of said magnet mem- 
ber as it moves from said first end of said series 10 
of rails to said second end of said series of rails 
describes a reference surface, wherein said 
reference surface diverges from flatness by di- 
mensional tolerances greater than a range of 
tolerance for flatness. 15 

30. The magnetron sputtering apparatus as in Claim 
29. 

wherein said tolerance for flatness is 0.0075 
inches per foot of motion along said rails. 20 

31. The magnetron sputtering apparatus as in Claim 
29, 

wherein said tolerance for flatness is 0.010 
inchos per foot of motion along said rails. 25 

32. The magnetron sputtering apparatus as in Claim 
29, 

wherein said tolerance for flatness is 0.015 
inches per foot of motion along said rails. 30 

33. The magnetron sputtering apparatus as in Claim 
29, 

wherein said tolerance tor flatness is 0.020 
inches per foot of motion along said rails. 3 & 

34. The magnetron sputtering apparatus as in Claim 
29, 

wherein said tolerance for flatness is 0.025 
inches per foot of motion along said rails. 

35. The magnetron sputtering apparatus as in Claim 
29. 

wherein said tolerance for flatness is 0.030 
inches per toot of motion along said rails. 41 

36. The magnetron sputtering apparatus as in Claim 
29 

wherein said tolerance for flatness is 0.035 
inches per foot of motion along said rails. Si 

37. The magnetron sputtering apparatus as in Claim 
29, 

wherein said tolerance for flatness is 0.040 
inches per foot of motion along said rails. 51 

38. The magnetron sputtering apparatus as in Claim 
29, 


wherein said tolerance for flatness is 0.050 
inches per foot of motion along said rails 

39. A magnetron scanning apparatus comprising: 

a magnet member running as a truck on a set 
of separated linear bearing rails which are approx- 
imately parallel, where during sputtering to improve 
the uniformity of film thickness sputter deposited on 
a substrate opposite a target disposed between 
said target assembly and said magnet member a 
first end of a first rail of said set of bearing rails is 
raised to be further from the target than a second 
end of said first rail ol said set of bearing rails. 

40. A magnetron scanning apparatus as in Claim 39, 

where during sputtering to further improve the 
uniformity of film thickness sputter deposited, a sec- 
ond end of a second rail of said set of bearing rails 
is raised to be further from the target than a first end 
of said second rail of said set of bearing rails, where- 
in said second end of said second rail of said set of 
bearing rails corresponds to said second end of said 
first rail of said set of bearing rails. 

41. A magnetron sputtering apparatus as in Claim 40, 

wherein a set of vertical positions of said first 
and said second ends of said rails is set by a vertical 
travel mechanism which can raise and lower said 
first and said second ends of said first and second 
rails to set the tracking of the magnet member. 

42. A magnetron sputtering apparatus as in Claim 41, 

wherein said vertical travel mechanism oper- 
ates during sputtering and tracking of said magnet 
member. 

43. The magnetron sputtering apparatus as in Claim 
18, 

wherein said magnet member includes a series 
of magnet member subsections, 
wherein movement along said track results 
from a programming of a motor to raise and low- 
er each subsection of said set of subsections 
according a programmed pattern depending on 
the lateral position of said magnet member as 
it moves laterally. 

44. The magnetron sputtering apparatus as in Claim 
18, 

wherein the magnet member includes at least 
two section with a center track of said set of tracks 
supporting an end of each section of said at least 
two sections, said magnet member appearing to be 
hinged at said center track. 

45. A magnetron apparatus comprising: 

a magnet member supported on two rails set 
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at a selected amount of non-parallelism. 

46. A magnetron member comprising: 

a magnet member supported on two rails, se- 
lectively controllable in an amount of non-parallel- 
ism during a scanning of the magnet member. 

47. A method for selectively controlling the film thick- 
ness deposited on a substrate during sputtering 
comprising the steps of: 

moving a magnet member laterally in the prox- 
imity of a sputtering target and 
varying the strength of the magnetic field en- 
hancing sputtering at the target surface as the 
magnet member moves laterally to deposit a 
particular film thickness pattern on the sub- 
strate during processing during sputtering. 

48. The method for selectively controlling the film thick- 
ness deposited on a substrate during sputtering as 
in Claim 47, 

wherein the step of varying the strength of the 
magnetic field includes moving portions of said 
magnet member vertically. 

49. The method for selectively controlling the film thick- 
ness deposited on a substrate as in Claim 48, 

wherein the step of moving portions of the 
magnet member vertically provides that the vertical 
distance is a distance greater than a tolerance for 
parallelism between a reference plane and the 
plane of motion at selected locations to vary the 
magnetic field strength causing a divergence from 
the plane to control the film thickness uniformity. 

50. The method for selectively controlling the film thick- 
ness deposited on a substrate during sputtering as 
in Claim 47, 

wherein the step of varying the strength of the 
magnetic field includes changing the strength of 
electro-magnets in said magnetic member accord- 
ing to a pattern depending on the lateral location of 
the magnet member. 

51. A method for selectively controlling the film thick- 
ness deposited on a substrate during sputtering 
comprising the steps of: 

moving a magnet member laterally along a 
track and 

moving portions of the magnet member in a ver- 
tical direction simultaneously with the lateral 
motion of the magnet member to change the 
magnetic field intensity utilized for sputtering at 
one or more locations along the track to im- 
prove the control of the film thickness deposited 
during sputtering 


52. A method for selectively controlling the film thick- 
ness deposited on a substrate during sputtering 
comprising the steps of: 

5 locating a magnetic field opposite a sputtering 

target; 

moving the magnetic field laterally across the 
target; 

varying the strength of the magnetic field at lo- 
10 cations where a localized change in the depos- 

ited film thickness is desired. 

53. The magnetron sputtering apparatus as in Claim 1 , 

is wherein said magnet member includes a series 

of magnet member subsections, 
wherein said magnetron apparatus further 
comprises: 

20 a set of tracks, wherein each one of said 

set of tracks supports and guides a corre- 
sponding subset of said series of magnet 
member subsections as a lateral drive 
moves each one of said series of magnet 
25 member subsections in a lateral direction, 

a series of vertical drives, each one of said 
series of vertical drives being fixed to pro- 
vide relative motion between each respec- 
tive subsection of said series of magnet 
30 member subsections and said lateral drive, 

wherein a divergent portion of said motion, cor- 
responding to said divergent portion of said pat- 
tern reference surface, 
35 wherein said recurring pattern of said cycling 

system results at least partially from a vertical 
motion provided by said vertical drive as a re- 
sult of programming the control of said vertical 
drive to provide a preset pattern of relative mo- 
40 tion corresponding to the divergent portion of 

said pattern reference surface. 

54. A magnetron sputtering apparatus comprising: 

45 a sputtering target assembly having a first side 

opposite a second side wherein a target sur- 
face on said first side is exposed to a sputtering 
chamber; 

a traveling magnet member disposed to travel 
so along a track on a second side of said target 

assembly, said magnet member including com- 
ponents which produce a magnetic field ex- 
tending beyond the surface of said magnet 
member toward said target surface. 
55 wherein a portion of said magnet member trav- 

els in a plane approximately parallel to an un- 
used pre-sputtering configuration of said sur- 
face of said first side of said target, except in a 
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divergent portion, where the distance of a por- 
tion of the magnetic member and said unused 
configuration of said surface of said first side of 
sa:d target assembly exceed a range of toler- 
ance for parallelism between said plane and s 
said unused pre-sputtering configuration of 
said surface of said first side of said target. 
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